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Background. Data on the presentation, management, and outcomes of Lassa fever (LF) in children are limited.

Methods. Description of the clinical and biological features, treatment, and outcomes of reverse transcriptase and polymerase
chain reaction (RT-PCR)-confirmed LF in children aged under 15, enrolled in the LASsa fever clinical COurse and Prognostic fac-
tors in an Epidemic context (LASCOPE) prospective cohort study in Nigeria between April 2018 and February 2023.

Results.  One hundred twenty-four children (aged under 12 months: 19; over 12 months: 105) were hospitalized with RT-PCR-
confirmed LE All received intravenous ribavirin. During follow-up, 99/124 (80%) had fever; 71/124 (57%) had digestive symptoms,
vomiting (n = 56/122, 46%) and abdominal pain (n = 34/78 aged 25 years, 44%) more often than diarrhea (n = 19/124, 15%); 17/124
(14%) had hemorrhagic signs; 44/112 (39%) had a hematocrit lower than 25%, of whom 32/44 (73%) received transfusions; 44/88
(50%) developed hypotension; 18/112 (16.1%) developed kidney disease improving global outcome (KDIGO) 22 acute kidney in-
jury; 10/112 (8.9%) had KDIGO 3 acute kidney failure; 4/124 (3.2%) underwent renal replacement therapy. Seven children died,
including 4 aged under 12 months (case fatality rate: under 12 months—22%, 95% confidence interval (CI): 7%-48%; over 12
months—2.9%, 95% CI: 0.7%-8.7%). In univariable analysis, age (P = .003), impaired consciousness (P = .026), and Lassa RT-PCR
Ct value (P = .006) were associated with Day 30 mortality.

Conclusions. The fatality rate for children over 12 months hospitalized with LF was lower than that previously reported for
adults. Hypotension and acute kidney injury were the most frequent organ dysfunctions. Bleeding was relatively infrequent. Anemia
and the need for transfusion were common, the relative contribution of ribavirin-induced hemolysis being unknown.
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KEY POINTS

- Lassa fever fatality is lower in children over 12 months old
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- Upper gastrointestinal symptoms should prompt immediate
testing in highly endemic areas.

- The frequent need for transfusion raises concern about the
use of ribavirin.

INTRODUCTION

inany way, and that the work is properly cited. For commercial re-use, please contact reprints@
oup.com for reprints and translation rights for reprints. All other permissions can be obtained
through our RightsLink service via the Permissions link on the article page on our site—for
further information please contact journals.permissions@oup.com.
https://doi.org/10.1093/jpids/piae083

Lassa fever (LF) is a viral hemorrhagic fever caused by the
arenaviridae Lassa virus, which is endemic in Western Africa.
The country with the highest number of reported cases is Nigeria
[1]. Despite reports of human-to-human transmission, notably
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in a nosocomial context [2], most infections originate from the
rodent reservoir [3-5]. The World Health Organization (WHO)
estimates that there are 300 000 LF cases and 5000 LF-related
deaths every year [6], and considers LF a top-priority disease
for research and development [7].

Previous studies have established that individuals of all ages,
including children, can be infected by the Lassa virus [6, 8, 9]
and develop a clinically overt disease [8, 10-13]. These studies
also highlight the nonspecific clinical presentation of LF in
children [8, 13, 14]. However, 50 years after the first descrip-
tions of LE, prospective data on the clinical course, manage-
ment, and outcomes of LF in children are still limited. Only a
few retrospective studies, based on limited sample sizes, have
reported data relating to children with reverse transcriptase and
polymerase chain reaction (RT-PCR)-confirmed LF [15-17].
Pointing out distinctive features in LF clinical phenotype and
course in children compared with adults is important to inform
pediatricians practicing in endemic areas, who may have to sus-
pect LF in a child consulting for an acute condition, as well as
colleagues from other disciplines, who may have to manage a
confirmed pediatric LF case.

This study reports the clinical presentation, management,
and outcomes in children who took part in a prospective cohort
study of LF in Nigeria.

METHODS

Patients and Setting

LASsa fever clinical COurse and Prognostic factors in an
Epidemic context (LASCOPE) (NCT03655561) is a prospec-
tive cohort study conducted at the Federal Medical Centre Owo
(FMCO), a tertiary hospital serving a large semi-urban and
rural area in Ondo State, southwestern Nigeria. Its primary ob-
jective is to document the clinical features, management, out-
comes, and associated factors in patients of all ages hospitalized
with LE The data relating to participants of the LASCOPE co-
hort aged under 15, enrolled between April 2018 and February
2023, are reported here.

Clinical Evaluation and Care
The LASCOPE study methods have been published previously
[18, 19]. To summarize, all patients admitted to the FMCO
with suspected LF were tested with the RealStar Lassa Virus
RT-PCR kit 2.0 (Altona Diagnostics, Hamburg, Germany).
All diagnostic tests were performed from total blood sam-
ples. RT-PCR-positive cases were referred to the LF ward. All
children admitted to the LF ward were included in the cohort
if their parents or guardians agreed to their participation and
signed the informed consent form. The child’s assent was also
sought and documented for children aged 12 years and older.
Children with confirmed LF were managed according to
the Nigerian guidelines [20]. All were started on intravenous

ribavirin immediately after admission to the LF ward (Day 0),
according to the following regimen: a 33 mg/kg loading dose on
Day (D) 0, then 16 mg/kg every 6 h from D0 to D3 and 8 mg/kg
every 8 h from D4 to D9 [21]. Standard supportive care was pro-
vided depending on the patient’s clinical status. This included:
oral or intravenous administration of fluids and electrolytes; an-
algesics; oxygen therapy for children with respiratory dysfunc-
tion; antimalarials for those with confirmed malaria; antibiotics
for those with a suspected bacterial infection; whole blood
transfusion for those with severe anemia; anticonvulsants for
those with prolonged/recurrent seizures; intermittent hemodi-
alysis for those with life-threatening acute kidney failure (AKF).
noninvasive respiratory support, invasive hemodynamic moni-
toring, vasopressors, red blood cell/platelet concentrates, and
plasma were not available.

Clinical monitoring included temperature, heart rate, nonin-
vasive blood pressure, respiratory rate, pulse oxygen saturation
(SpO2), and capillary glycemia. A 12-lead electrocardiogram
was available if deemed necessary.

Routine biological monitoring included testing for ma-
laria with a rapid diagnostic test (SD BIOLINE Malaria Ag
Pf, Abbott, Chicago, IL, USA) or thick blood smear on DO.
Physicians were encouraged to perform the following blood
tests on DO, D5, and D10: full blood count, albumin, cre-
atinine, urea, electrolytes, liver enzymes, and bilirubin.
Additional tests were carried out as required, including an-
other malaria rapid diagnostic test (RDT) in the event of un-
explained prolonged/recurrent fever. Bacteriological analyses,
including blood culture, and lactate and blood gas analysis
were not available on a routine basis. Rapid tests for human
immunodeficiency virus, hepatitis B virus, and hepatitis C
virus were available at the clinician’s request. Lumbar punc-
ture was not performed.

The criteria for hospital discharge were the absence of fever
or any other substantial symptoms, and completion of 10 days’
ribavirin therapy. A negative Lassa RT-PCR test was not a man-
datory criterion. Discharged children were asked to attend as an
outpatient on D30. In case of no show, parents or guardian were
contacted by phone and questioned about the vital status and
clinical progress of their child.

Definitions

Between DO and D30, trained research staff used a standard
form to collect demographic, clinical, and biological character-
istics on presentation and during follow-up, details of care and
treatment received, and clinical outcomes.

Organ dysfunction was categorized as respiratory dysfunc-
tion, hypotension, impaired consciousness, or acute kidney
dysfunction. Tachycardia and hypotension definitions were
based on an age-specific threshold for heart rate and systolic
blood pressure (SBP) (see Supplementary Material: Tables S1
and S2). Level of consciousness was categorized according to the
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ACVPU cdlassification: A = alert, C = confused, V = response
to verbal stimulus, P = response to pain stimulus, U = unre-
sponsive; impaired consciousness was defined as any category
other than A. As confusion is difficult to ascertained in young
children, categories A and C were merged, and considered as
“normal consciousness” for this analysis. Respiratory dysfunc-
tion was defined as a SpO2 below 92% at room air. Acute kidney
dysfunction was categorized as acute kidney injury (AKI) or
AKF depending on the serum creatinine level (using age and
gender-specific thresholds) and the need for dialysis compo-
nents of the KDIGO staging [22] (see Supplementary Material:
Table S3).

As abdominal pain, headache, dizziness, myalgia, chest/ret-
rosternal pain, and sore throat are subjective patient/parent-
reported symptoms, and therefore difficult to ascertain in
young children, they are not reported in children below 5 in
this analysis.

Malaria was defined as the presence of compatible signs
and symptoms and either the presence of asexual forms of
Plasmodium sp. on a thick blood smear, or a positive malaria
RDT and no history of antimalarial treatment in the 4 weeks
prior to admission.

The Lassa RT-PCR cycle threshold (Ct) values used in this
analysis were those of the glycoprotein complex (GPC) gene
target detected by the RealStar Lassa Virus RT-PCR kit 2.0.

Statistical Analysis

The frequency and proportion of qualitative variables, and the
median and interquartile range (IQR) of quantitative variables,
were described first at DO (“on presentation”), then over the
entire period in the hospital (“overall”), for the entire study
population, then by age group (<12 months vs 1-14 years).
The overall description included, for vital signs, severity cri-
teria, and biological parameters, the poorest condition re-
corded at any time between DO and death or discharge from
hospital, and for signs and symptoms, those reported at least
once between D0 and death or discharge from hospital. The
poorest value for biological parameters was defined as (1) the
highest value for plasma creatinine, urea, potassium, aspartate
aminotransferase (AST), and alanine aminotransferase (ALT);
(2) the lowest value for hematocrit, platelet count, plasma so-
dium, total carbon dioxide (tCO,), albumin, and glucose. The
denominator for each proportion calculation was the number
of participants for whom data were available, unless otherwise
stated. Kruskal-Wallis test was used to compare quantitative
variables between age groups. Fisher’s exact test was used to
compare categorical variables between age groups, as well as
to analyze the association between characteristics on presenta-
tion and D30 mortality. Due to the few numbers of fatal events
and to the limited sample size, multivariable analysis was not
performed. Data description and analysis were processed using
SAS software, version 9.4.

Ethics and Data Protection

The study was approved by the Nigerian National
Health Research Ethics Committee (protocol number
NHREC/01/01/2007-14/05/2018). Confidentiality was guaran-
teed by de-identification and restricted access to study docu-
ments and databases.

RESULTS

Study Population

One hundred twenty-four participants (female n = 62, 50%),
aged 1 day to 14 years (median 7 years; IQR 2.4-11 years) were
included. They were admitted to the FMCO either by self-
referral directly from their home (n =72; 58%), by transfer
from other public facilities (n = 34; 27%), or by transfer from
a private clinic (n = 18; 15%). Overall, 87 (70%) were first ad-
mitted to the pediatric emergency department of the FMCO,
and were then moved to the LF ward upon LF diagnostic con-
firmation; the remainder were admitted directly there without
going through the emergency department. The median delay
between the first symptom and admission to the LF ward was 8
days (IQR 5-11).

Clinical and Biological Presentation

The characteristics of the participants on presentation and
during follow-up are given in Table 1 (see also Supplementary
Material: Tables S4 and S4 bis). Fever was present in 99
children (80%). Digestive signs and symptoms were present in
56 children (45%) on presentation and 71 (57%) overall, with
vomiting or abdominal pain being more common than diar-
rhea. At least 1 bleeding sign was present in 6 (4.8%) on pres-
entation and 17 (14%) overall. Sixty-nine (56%) had at least 1
organ dysfunction, including hypotension (n = 44/88, 50%),
2KDIGO 2 kidney dysfunction (n = 18/112, 16%), respiratory
dysfunction (n =12/120, 10%), and impaired consciousness
(n =13, 10%).

Among 8 neonates <1 month, 2 had facial swelling (both
survived).

Overall, vomiting (16% vs 50%, P < .005) was less frequently
observed in infants <12 months than in older children, contrary
to respiratory dysfunction (41% vs 5%, P < .001).

Lassa RT-PCR Ct value was available for 100 participants,
of whom 40 (40%) had a value of <30. The median Ct value
was lower in infants <12 months than in older children (28 vs
33, P =.038). Regarding liver function tests, 26/83 (31%) had
an AST level and 12/84 (14%) an ALT level over 3 times the
upper limit of normal at least once during the period in the hos-
pital; hyperbilirubinemia >27 pmol/L was found in only 2/57
(3.5%) children. On presentation, despite a similar proportion
of 2KDIGO 2 kidney dysfunction, infants <12 months more
frequently had a plasma potassium >5 mmol/L (27% vs 6%,
P =.028) and a metabolic acidosis (median plasma tCO, 18 vs
22 mmol/L, P = .009) than did older children; they also had a
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Table 1. Characteristics on Presentation and During Follow-up (N = 124)

Ne On Presentation® Entire Follow-up®
General
Sex, n (%) 124
Male 62 (50%) =
Female 62 (50%) -
Age, n (%) 124
<1 month 8 (6.5%) -
1-11 months 11 (8.9%) =
1-4 years 27 (22%) -
5-11 years 49 (40%) -
12-14 years 29 (23%) -
Vital parameters
Level of consciousness, ACVPU, n (%) 124
Alert or confused? 119 (96 %) 111 (90%)
Voice (reactive to) 0(0%) 1(0.8%)
Pain (reactive to) 3(2.4%) 7 (5.6%)
Unresponsive 2 (1.6%) 5(4.0%)
Low systolic arterial pressure, n (%)° 88 12 (14%) 44 (50%)
Tachycardia, n (%)° 124 5(4.0%) 18 (15%)
Sp02 <92% at room air, n (%) 120 4(3.3%) 12 (10%)
Organ dysfunction score, n (%) 124
0 93 (75%) 55 (44%)
! 27 (22%) 54 (44%)
29 4(3.2%) 7 (5.6%)
3 or higher 0 (0%) 8 (6.5%)
Other clinical signs and symptoms
Fever (temperature >38.0°C), n (%) 124 99 (80%) 99 (80%)
Digestive symptom, any type, n (%) 124 56 (45%) 71 (67%)
Vomiting, n (%) 122 42 (34%) 56 (46%)
Abdominal pain®, n (%) 78 24 (31%) 34 (44%)
Watery diarrhea, n (%) 124 16 (13%) 19 (15%)
Headache", n (%) 78 27 (35%) 31 (40%)
Dizziness", n (%) 78 13 (17%) 14 (18%)
Cough, n (%) 124 20 (16%) 30 (24%)
Myalgia®, n (%) 78 1(1.3%) 1(1.3%)
Chest/retrosternal pain", n (%) 78 7 (9.0%) 8 (10%)
Sore throat", n (%) 78 4 (5.1%) 7 (9.0%)
Signs of encephalopathy, any type, n (%) 78 5 (6.4%) 12 (15%)
Seizure, n (%) 78 4(5.1%) 8 (10%)
Meningeal syndrome, n (%) 78 1(1.3%) 4 (56.1%)
Impaired hearing/tinnitus, n (%) 78 0(0%) 0(0%)
Impaired vision, n (%) 78 0 (0%) 0 (0%)
Hiccups, n (%) 124 1(0.8%) 1(0.8%)
Lower limb edema, n (%) 124 0(0%) 3(2.4%)
Facial swelling, n (%) 124 0 (0%) 3(2.4%)
Bleeding, any type, n (%) 124 6 (4.8%) 17 (14%)
Macroscopic hematuria, n (%) 123 2 (1.6%) 9(73%)
Melena, n (%) 122 0 (0%) 3(2.4%)
Vaginal bleeding, n (%) 19 0 (0%) 1(5.3%)
Hematemesis, n (%) 124 2 (1.6%) 3(2.4%)
Gingival bleeding, n (%) 124 1(0.8%) 3(2.4%)
Venous puncture point bleeding, n (%) 124 0 (0%) 0 (0%)
Conjunctival bleeding, n (%) 124 0 (0%) 0 (0%)
Epistaxis, n (%) 124 2 (1.6%) 3(2.4%)
Hemoptysis, n (%) 124 0 (0%) 0 (0%)
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Table 1. Continued

Ne On Presentation® Entire Follow-up®
Biology

Blood Lassa RT-PCR Ct value/, median (IQR) 100 324 (27.4-35.6) -

<25, n (%) 19 (19%) g

25-29.9, n (%) 21 (21%) -

30-34.9, n (%) 29 (29%) -

>35, n (%) 31 (31%) -
Hematocrit (%), median (IQR) 112 30 (27-34) 27 (23-30)

<25%', n (%) 20 (18%) 44 (39%)

<18%, n (%) 6 (5.4%) 10 (8.9%)
Platelets (G/L), median (IQR) 106 270 (147-396) 231 (119-363)

<80 G/L, n (%) 9 (8.5%) 14 (13%)
Plasma creatinine (umol/L), median (IQR) 12 56 (41-79) 66 (46-85)

Elevated, n (%) 60 (54%) 70 (63%)
Plasma urea (mmol/L), median (IQR) 112 3.6 (2.6-4.7) 4.1 (3.2-4.8)

>8.0 mmol/L¥, n (%) 9 (8.0%) 11 (9.8%)

>20.0 mmol/L, n (%) 5 (4.5%) 5 (4.5%)
Acute kidney dysfunction', n (%) 112

No dysfunction 89 (79%) 81 (72%)

KDIGO 1 9 (8.0%) 13 (12%)

KDIGO 2 (AKI) 7 (6.3%) 8 (7.1%)

KDIGO 3 (AKF) 7 (6.3%) 10 (8.9%)
Plasma sodium (mmol/L), median (IQR) 110 132.0 (128.2-137.0) 130.0 (126.0-135.0)

<128 mmol/L, n (%) 22 (20%) 36 (33%)

>145 mmol/L, n (%) 2 (1.8%) 4 (3.6%)
Plasma potassium (mmol/L), median (IQR) m 4.10 (3.70-4.55) 4-50 (4.00-4.90)

<3.5 mmol/L, n (%) 17 (156%) 31 (28%)

>5.0 mmol/L, n (%) 10 (9.0%) 21 (19%)
Plasma chloride (mmol/L), median (IQR) m 101.0 (98.0-104.0) 104.0 (102.0-107.5)

<98 mmol/L, n (%) 27 (24%) 38 (34%)

>108 mmol/L, n (%) 15 (14%) 22 (20%)
Plasma tCO, (mmol/L), median (IQR) m 21.0 (18.0-24.0) 20.0 (170-23.0)

<18 mmol/L, n (%) 22 (20%) 29 (26%)
Anion gap™, if tCO, <18 mmol/L, n (%) 21 16.7 (14.0-22.1) -

>14 mmol/L 14 (66.7%) -

<14 mmol/L 7 (33.3%) -
Plasma albumin (g/L), median (IQR) 72 33.5 (29.0-37.0) 32.0 (28.9-35.0)

<28 g/L, n (%) 15 (21%) 16 (22%)
Plasma glucose (mmol/L), median (IQR) 70 4.40 (3.60-5.38) 3.95 (3.18-4.80)

<3.0 mmol/L, n (%) 10 (14%) 14 (20%)
Plasma AST" (U/L), median (IQR) 83 74 (44-118) 79 (45-120)

>3 x ULN, n (%) 24 (29%) 26 (31%)
Plasma ALT" (U/L), median (IQR) 84 40 (26-67) 46 (33-72)

>3 x ULN, n (%) 11 (13%) 12 (14%)

ACVPU, Alert (A), Confused (C), responsive to Voice (V), responsive to Pain (P), Unresponsive (U); IQR, interquartile range.

2N = Number of patients with available value on presentation.

°0On presentation = first available value from admission onwards.

Entire follow-up: for vital signs and severity criteria: poorest condition recorded at any time from presentation to end of inpatient follow-up; for signs and symptoms: signs and symptoms
reported at least once from presentation to end of inpatient follow-up; for biological values: poorest value recorded from presentation to end of follow-up. The poorest value for biological param-
eters was defined as (1) the highest value for plasma creatinine, urea, potassium, AST, and ALT, (2) the lowest value for hematocrit, platelet count, plasma sodium, tCO,, albumin, and glucose.
9Considering the difficulty to assess confusion in young children, the Alert and Confused categories were merged.

¢According to the age-specific threshold (see Supplementary Appendix Table S1).

‘Organ dysfunctions were: hemodynamic dysfunction, respiratory dysfunction, impaired consciousness, and acute kidney dysfunction (see Supplementary Appendix Table S2).
¢Combinations of organ dysfunctions for the entire follow-up were: impaired consciousness plus respiratory (n = 4), hemodynamic plus renal (n = 2), respiratory plus renal (n = 1), impaired
consciousness plus respiratory plus renal (n = 3), impaired consciousness plus respiratory plus hemodynamic (n = 1), hemodynamic plus respiratory plus renal (n = 1), and impaired con-
sciousness plus hemodynamic plus respiratory plus renal (n = 4).

"For some subjective patient or parent-reported symptoms that are difficult to assess in very young children, the analysis was restricted to children aged 5 or older.

'Of the 19 girls aged >12.

ICt = Cycle threshold for the Lassa Virus RT-PCR, GPC gene target (RealStar Lassa Virus RT-PCR kit 2.0, Altona, Hamburg, Germany), 24 (19%) participants had a positive RT-PCR test result
but unknown Ct value.

Categorization is inclusive: “Hematocrit <25% " includes participants with an hematocrit <18%; “Urea > 8 mmol/L" includes participants with an urea >20 mmol/L.

'AKI, acute kidney injury; AKF, acute kidney failure; KDIGO, kidney disease—improving global outcome. Age and genderspecific threshold for the upper limit of reference interval for serum
creatinine (see Supplementary Appendix).

"Anion gap formula (mmol/L): (natremia + kalemia)—(chloremia + tCO,).

"AST, aspartate aminotransferase; ALT, alanine aminotransferase; ULN, upper limit of normal range. Missing values for transaminases are for patients included while the biology device used
for liver function testing was out of order or there was a shortage of reagent.
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higher proportion of severe hypoglycemia <3 mmol/L (63% vs
8%, P < .001), than did their counterparts. A urinalysis test was
carried out on 13 participants on admission and showed pro-
teinuria 22+ in 4 (31%) and hematuria 22+ in 2 (15%).

Severe anemia with hematocrit <18% was present in 6/112
(5.4%) children on presentation, of whom 5/6 (83%) declared
having had a recent positive malaria test (within 4 weeks prior to
admission), and 2/6 (33%) still had a positive thick blood smear
on admission. Four additional participants had hematocrit
>18% on presentation and <18% later on, of whom 2 presented
bleeding and 3 had a malaria diagnosis from admission onwards.

Treatment
The care and treatment administered are detailed in Table 2.
Four participants (3.2%) had already started on ribavirin prior

to admission to the LF ward. All were given ribavirin after
admission.

Fifty-nine children (48%) had had a positive malaria test
result, without further information regarding the type of test,
and 92 (74%) had been treated for suspected or documented
malaria in the 4 weeks leading up to admission. From admis-
sion onwards, 58 (47%) children had a malaria diagnostic test
performed (thick blood smear #n = 39; rapid diagnostic test
n = 33), the results of which were positive for 39/58 (67%) (see
Supplementary Material: Table S5 for further details on test
types and results); and 51 (41%) were given antimalarial drugs
during their stay in hospital.

Four out of 10 children who developed KDIGO stage 3
AKF underwent renal replacement therapy: one 7-year-old
boy weighing 20 kg (1 session, survived), one 11-year-old girl

Table 2. Care and Treatments (N = 124)

N
Length of hospital stay (days), Median (IQR)
People who were discharged alive® 120 11.0 (10.0-13.0)
People who died at the hospital 4 2.50 (0.75-4.50)
Admission in the intensive care unit® of the LF ward, n (%) 124 14 (11 %)
Ribavirin therapy
Received, n (%) 124 124 (100%)
Time between first symptoms and first dose (days), median (IQR) 119 8 (5-11)
Cumulated dose received (mg/kg), median (IQR) 118 443 (403-469)
Oxygen
Received, n (%) 102 18 (18%)
Duration (days), median (IQR) 18 3.00 (2.00-9.00)
Total blood transfusion
Received, n (%)° 124 52 (42%)
Number of units (total blood pints), median (IQR) 37 1.00 (1.00-2.00)
Renal replacement therapy (intermittent hemodialysis)
Received, n (%) 124 4 (3.2%)
Indications, n (%)?
Symptomatic hyperazotemia 2
Fluid overload, no response to diuretics 1
Unknown 1
IV fluids
Received, n (%) 124 124 (100%)
Cumulated volume received (mL/kg) overall, median (IQR) 118 276 (95-500)
Cumulated volume received (mL/kg) according to SBP on presentation 83
SBP > age-specific threshold, median (IQR) 71 286 (144-414)
SBP < age-specific threshold, median (IQR) 12 460 (212-610)
Duration under IV fluids (days), median (IQR) m 7.0 (5.0-10.0)
Antibacterial therapy
Received, n (%) 124 103 (83%)
Duration (days), median (IQR) 103 9.0 (7.0-11.0)
Antimalarial therapy
Received, n (%)° 124 51 (41%)

20f whom 3 died after discharge.

®Intensive care unit refers to a specific area of the Lassa ward where patients were more frequently monitored for vital functions. Mechanical ventilation, vasopressive drugs, and invasive

hemodynamic monitoring were not available.

°Number of participants transfused among the 124 with available data, and median (IQR) number of blood pints received among the 37 transfused participants with available data. Thirty-two

(63%) and 9 (18%) of those transfused had a minimal hematocrit <25% and <18%, respectively.

90ne missing data.

°Antimalarial therapy administered within the Lassa ward (treatments prior to admission are not included).
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weighing 45kg (4 sessions, survived), one 12-year-old girl
weighing 28 kg (1 session, died soon after start of dialysis),
and one 11-year-old girl weighing 57 kg (unknown number
of sessions, died after discharge from hospital). Among the 6
children with KDIGO stage 3 who did not receive renal replace-
ment therapy, a 12-year-old boy died the day he was admitted
to the Lassa ward, and the 5 others (aged 2, 4, 5, 8, and 11 years)
survived.

18/102 (18%) children with information available were given
supplemental oxygen. Finally, all received IV fluids, with a me-
dian cumulated volume over the hospital stay of 276 mL/kg
(95-500) (not including transfusions).

52 (42%) were given whole blood transfusions, of whom
32/52 (62%) and 9/52 (17%) had a minimal hematocrit of <25%
and <18%, respectively. In univariable analysis, there was no
association between transfusion and declared positive malaria
diagnostic test within 4 weeks prior to admission (P = .8), de-
clared antimalarial treatment within 4 weeks prior to admis-
sion (P = .14), and malaria diagnosis from admission onwards
(P = .3) (see Supplementary Material: Table S6).

Mortality

Seven children died (1 missing outcome, overall case fatality
rate (CFR) 5.7%; 95% CI 2.5-11.8), 5 of them being girls. Of
the 7 who died, 4 did so during their stay in the hospital (1 aged
1 day, 1 aged 4 months, and 2 aged 12 years), 2 of these within
24 h of admission, 1 on D4, and 1 on D6. The other 3 died (un-
known cause of death) within 10 days of being discharged from
the hospital, between D21 and D23 post-admission: 1 aged 3
days on admission died at the age of 3 weeks, 1 aged 15 days on
admission died at the age of 5 weeks, the latter died at the age
of 11 years.

In univariable analysis, age (P = .003), impaired conscious-
ness (P =.026), and low Lassa RT-PCR Ct value (P = .006) on
presentation were associated with the risk of death between D0
and D30 (see Table 3).

DISCUSSION

A few retrospective studies with limited sample sizes have been
carried out using data collected on children with RT-PCR-
confirmed LF; the results of these studies have varied in terms
of the CFRs reported [15-17]. This is the first cohort study to
provide a prospective estimation of LF CFR and a comprehen-
sive description of the clinical and biological characteristics of
the disease in children hospitalized with RT-PCR-confirmed LE.
All participants received the optimal standard of care, including
intravenous ribavirin, oxygen therapy, whole blood transfusion,
and dialysis where appropriate.

Twenty-two percent of the children aged under 12 months
and 2.9% of those aged 12 months or over died. The CFR in
children aged 12 months and over was lower than that reported

in 2 recent retrospective pediatric studies conducted in Nigeria
and Sierra Leone [16, 17]. It was also lower than the CFR in
adults estimated by a recent analysis from the LASCOPE co-
hort study at 13% [18]. This is consistent with the mortality rate
being lower in children than in adults, as reported in histor-
ical LF studies prior to the RT-PCR era [10, 23, 24]. The high
CFR in children under 12 months old, and even more higher in
those under 1 month, should be interpreted with caution since
there are few participants in these age groups. However, it is
not surprising that mortality should be much higher in infants
and more particularly in neonates than in older children, since
the appropriate care is more difficult to administer in severe
cases. Appropriate monitoring, including early recognition of
the clinical signs of shock (cold extremities, prolonged capillary
refill time, weak pulse, etc.), and invasive treatment procedures
(vascular access, intermittent hemodialysis, etc.) can be partic-
ularly challenging, if not impossible, in those below 1 year.

After fever, the most frequent clinical features were digestive
disorders [8, 14, 25-28]. Symptoms of the upper gastrointestinal
tract were more common than those of the lower tract. Some au-
thors reported an association between the presence of vomiting
and a positive LF test result in febrile children seeking hospital
care in a highly endemic area of Nigeria [29]. LF can mimic
pediatric abdominal emergencies such as intestinal intussus-
ception, peritonitis, and can even be associated with a genuine
acute appendicitis [26, 28]. Clinicians caring for children in LF
endemic areas, including surgeons, should therefore maintain
a high index of suspicion where there is vomiting or abdom-
inal pain. Invasive management of LF-infected patients without
proper barrier measures could expose other patients, healthcare
staff, and relatives to the risk of nosocomial transmission [2].

The “swollen baby syndrome,” is often considered as a clas-
sical and pejorative clinical presentation of pediatric Lassa fever,
even though it has only been mentioned once in a small retro-
spective cohort conducted in Liberia in 1987 [23]. In the study
by Monson and colleagues, among 33 children with LF diag-
nosed by serology, 4 died, of whom 3 presented with this syn-
drome. In the present prospective study, 4 infants <12 months
died but none had facial swelling, and the 2 neonates with facial
swelling survived. Also, sore throat, which is often considered
asa common sign in patients with LF, was infrequently reported
here.

Of note, hearing and vision impairment were not reported
at all in this analysis. Neurosensorial hearing loss is considered
as a classic feature in LE. Actually, due to the lack of baseline
evaluation, the incidence of this complication is difficult to as-
sess in a reliable way in adult patients with LE, and it is of course
even more difficult in children. Therefore, it may have been
underestimated.

More than half the children had alow SBP at least once during
their hospital stay, which is almost 3 times the rate previously
reported by the LASCOPE cohort for adults [18]. Conversely,
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Table 3. Association Between Mortality (Day 0 to Day 30) and Characteristics on Presentation, Univariable Analysis (N = 123)

Characteristic Missing N Died (%) P

Sex® 0 Female 62 5 8.1 4
Male 61 2 8.3

Age 0 <1 month 7 3 42.9 .003
1-12 months 1 1 9.1
1-4 years 27 0 0
5-11 years 49 1 2.0
12-14 years 29 2 6.9

Symptoms onset to admission 4 <7 days 3} 3 5.7 7
>7 days 66 2 3.0

Tachycardia 0 No 118 6 5.1 3
Yes 5 1 20

Hypotension &b No 76 4 5.3 9
Yes 12 0 0

SpO2 under room air 4 >92 115 5 4.3 9
<92 4 0 0

Organ dysfunction score 0 0 92 4 4.3 2
1 27 2 74
>2 4 1 25

Impaired consciousness 0 No 118 5 4.2 .026
Yes 5 2 40

Signs of encephalopathy 0 No 73 2 2.7 2
Yes 5 1 20

Digestive symptoms 0 No 67 4 6.0 9
Yes 56 3 5.4

Bleeding 0 No 117 6 15,1 3
Yes 6 1 17

Hematocrit 12 >25% 91 4 4.4 3
<25% 20 2 10

KDIGO stage 12 <2 97 4 4.1 2
>2 14 2 14

AST 41 <3 ULN 58 1 1.7 2
>3 ULN 24 2 8.3

ALT 40 <3 ULN 72 2 2.8 4
>3 ULN 1 1 9.1

Blood Lassa RT-PCR Ct 24 >35 31 1 3.2 .006
30-34 28 1 3.6
25-29 21 0 0
<25 19 5 26

KDIGO, kidney disease—improving global outcome stage; RT-PCR Ct, Cycle threshold value for the Lassa Virus RT-PCR, GPC gene target (RealStar Lassa Virus kit 2.0®, Altona, Hamburg,

Germany).

2P value for Fisher exact test.
°0One male participant was excluded because of missing data for vital status.

low SpO2 (10%) and bleeding (14%) were relatively infrequent.
This suggests that endothelial dysfunction—a hallmark of LF
disease—and some of its consequences, among which bleeding
or fluid extravasation leading to pulmonary edema and hypo-
tension [30], might be less common in children than in adults.
An implication of such a high proportion of low SBP is that clin-
icians treating children with Lassa fever must closely monitor
the hemodynamic status as well as the input-output balance, in
order to reactively adjust fluid and electrolytes intake and pre-
vent the occurrence of cascading organs dysfunctions. In future
studies, clinical examination supported by point-of-care tho-
racic ultrasound and echocardiography should help describe

the respiratory and hemodynamic function in children with LF
in more detail [31, 32].

Clinicians should also be particularly careful regarding the
risk of severe hyperkalemia and hypoglycemia on presentation,
2 life-threatening conditions that could occur more frequently
in infants below 1 year and require immediate corrective
measures.

The incidence of severe anemia was high, with 40% of the
children receiving blood transfusions. There are several possible
causes of anemia in severe acute systemic viral diseases with
hemorrhagic potential. In West Africa, this includes sickle cell
anemia in particular. Unfortunately, it was possible neither to
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document this chronic condition reliably, nor to explore further
the many other possible causes of anemia (eg, iron and micro-
nutrients deficiency, malnutrition, repeated bouts of malaria,
coincidental parasitic infections, etc.) for the present study.
Also, the design of the study did not allow further investigation
of the relative contribution of ribavirin toxicity, which remains
a concern with LF patients of all ages.

Kidney dysfunction was common, with 16% and 9% of
children being staged KDIGO 22 and KDIGO 3, respec-
tively. These figures are similar to those found in adults in
the LASCOPE cohort [18], and lower than those reported in
children in retrospective cohort studies conducted in Nigeria
[16] and Sierra Leone [17].

Convulsion is common in children under 5 with acute fe-
brile illnesses, including LF [29]; it is therefore unsurprising
that seizure was the most common sign of encephalopathy in
the present study. In care centers that provide treatment for
high-consequence infectious diseases, rapid access to patients
with acute complications may be problematic. In this context,
the use of second-line anti-seizure medication, which has the
advantage of being easier to administer and having fewer res-
piratory depressant side effects, may be considered [33]. The
frequency of both seizures and signs of encephalopathy in the
children in this study was similar to that previously reported
in adults with LF [18], suggesting that the neurotropism of the
Lassa virus might not be very different across age groups.

The Nigerian guidelines for LF case management [20] rec-
ommend the use of ribavirin for all age groups. Ribavirin has
long been considered the gold standard treatment for LF but
is becoming increasingly controversial [34, 35]. The efficacy of
ribavirin in LF has been the subject of only 1 non-randomized
trial, which did not involve children [21]. The WHO now
emphasizes that there is currently insufficient evidence on
ribavirin efficacy in LF [36]. The aim of this study was not to
provide evidence regarding the efficacy or toxicity of ribavirin.
However, the important increase in the proportion of children
with anemia from presentation to discharge call for an eval-
uation of the contribution of ribavirin-induced hemolytic
anemia, among other causes, and for more study of the benefit/
risk ratio of ribavirin in children. In a general way, it should be
a priority to include children in future clinical trials evaluating
the safety, tolerability, and efficacy of innovative therapeutic
strategies for LE.

The clinical presentation of LF being febrile and aspecific,
it can mimick many common acute febrile illnesses. Of note,
the Nigerian national guidelines for the management of Lassa
fever recommend the empirical administration of antibiotics
to Lassa patients who are severely ill, as well as to pregnant
women (especially when the fetus is dead) [20]. In daily prac-
tice, broad-spectrum antibiotics are often started on a pre-
sumptive basis upon admission in many patients with LE
as illustrated by this analysis. Diagnostic tests for potential

coinfections were not available on a routine basis at the FMCO,
except for malaria. As a consequence, most participants re-
ceived empirical antimicrobials. The limited capacity to per-
form microbiological investigations in many Subsaharan
Africa health facilities, notably bacterial culture, as well as the
necessity to perform such tests under BLS3 conditions in the
case of patients with VHFs, contribute to the overprescrip-
tion of antibiotics. In the context of the rising prevalence of
antimicrobial resistance but low awareness about its negative
consequences among healthcare workers in Nigeria [37], it is
of paramount importance to develop innovative, easy-to-use,
and affordable diagnostic tools to guide antibiotics prescrip-
tion [38], as well as antimicrobial stewardship programs [38,
39]. It is also important to address misconceptions regarding
the fear of contamination among healthcare workers, notably,
those specialists who are not involved in the daily manage-
ment of patients with LF [40], so that appropriate diagnostic
procedures can be performed more systematically when re-
quired, eg, lumbar puncture by neurologists in patients with
encephalopathy or meningeal syndrome.

In conclusion, LF is common in children in endemic areas,
with aspecific clinical manifestations potentially involving the
risk of nosocomial transmission. The disease seems particu-
larly severe in newborns and infants under 12 months old. In
children aged 12 months and over, even if the CFR seems lower
than in adults, it can lead to kidney dysfunction, requiring di-
alysis, and severe anemia, requiring blood transfusion. The
issue of ribavirin’s risk/benefit ratio should be a research pri-
ority in the pediatric population. This study also highlights the
importance of designing LF treatment units that are suitable
for healthcare workers to treat the specific needs of children.
This includes facilitating continuous, but safe contact between
children and their parents.

Supplementary Data

Supplementary materials are available at the Journal of The Pediatric
Infectious Diseases Society online (http://jpids.oxfordjournals.org).
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